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1

WIRING BOARD AND SEMICONDUCTOR
DEVICE

The present application claims priority to Japanese Patent
Application No. 2006-263662, filed Sep. 28, 2006, which
application 1s incorporated herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

The present invention relates to a wiring board and a semi-
conductor device.

BACKGROUND OF THE INVENTION

Semiconductor devices have been required to have a
reduced size and a reduced thickness and to be more mnexpen-
stve. To meet these requirements, a BGA (Ball Grid Array)
configuration and a CSP (Chip Size Package) configuration
use a resin wiring board as a board on which a semiconductor
clement 1s mounted.

Such a resin wiring board normally has wiring patterns on
the opposite surfaces thereof. The wiring board has, on one of
the opposite surfaces, a semiconductor element mounting
area 1n which a semiconductor element 1s mounted and ele-
ment connection terminals connected to the wiring patterns.
The element connection terminals are arranged 1n an area
inside the semiconductor element mounting area or 1n an area
around the outer periphery of the semiconductor element
mounting area. External connection terminals are provided
on the other surface of the wiring board.

A solder resist layer 1s formed on one of the surfaces of the
wiring board. The element connection terminals are exposed
from the solder resist layer. A solder resistlayeris also formed
on the other surface of the wiring board. The external con-
nection terminals are exposed from this solder resist layer.
The element connection terminals and the external connec-
tion terminals are connected together via inner layer conduc-
tors, through conductors, or the like formed 1nside the wiring
board.

To meet the requirements for the reduction of the size and
thickness of semiconductor devices, very thin resin wiring,
boards of thickness at most 0.2 mm have been prevailing.

Such a thin resin wiring board 1s likely to be significantly
warped when a semiconductor element 1s mounted on the
wiring board. The warpage of the wiring board may result in
iappropriate connections. For example, inappropriate con-
nections are likely to occur when semiconductor element 1s
stacked on another semiconductor element already mounted
on the wiring board or when a semiconductor device having a
wiring board on which a semiconductor element 1s mounted
1s mounted on a mother board or the like.

Thus, Japanese Patent Laid-Open No. 2000-216304 pro-

poses an invention for improving the flatness of a semicon-
ductor device of a BGA configuration using a thin board.

In the mvention, a wiring board has a required wiring
pattern and a housing hole 1n which a semiconductor element
1s housed. The housing hole penetrates the wiring board 1n the
thickness direction thereof. A heat sink 1s fixed, via a bonding,
layer, to a back surface of the wiring board which 1s opposite
a mounting surface. The heat sink covers the opening of the
housing hole for the semiconductor element.

A solder resist layer 1s formed on the wiring board so as to
cover the mounting surface. A terminal portion of a wiring
pattern which forms external connection terminals 1s exposed
from the solder resist layer. The solder resist layer 1s formed
of a photosensitive resist and has a greater thermal expansion
coellicient than the wiring board. A resin layer 1s formed over
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the solder resist layer, which 1s made of a resin having a
smaller thermal expansion coellicient than the solder resist
layer.

The thermal shrinkage of the solder resist layer can be
inhibited by setting the thermal expansion coetlicient of the
solder resist layer greater than that of the wiring board, while
setting the thermal expansion coetlicient of the resin layer
smaller than that of the solder resist layer, as described above.
This makes 1t possible to avoid the possible warpage of the
wiring board, allowing a very flat semiconductor device to be
implemented.

That s, the above invention forms a firstresin layer made of
the solder resist layer on only one surface of the wiring board
and forms a second resin layer having a smaller thermal
expansion coeltlicient than the solder resist layer on the first
resin layer. This improves the flatness of the wiring board.

However, 1t 1s expected that the rigidity of the heat sink
fixedly bonded to the mounting surface, the other surface of
the wiring board, 1s actually effective in contributing to
improving the tlatness.

The solder resist layer may be cracked or separated under
heat. For example, 11 a semiconductor device or the like,
which 1s likely to generate heat, 1s mounted on a printed
wiring board with a solder resist layer formed as a surface
layer, heat generated by the semiconductor device or during
solder bump formation may exert a high stress on the solder
resist layer. In some cases, the solder resist layer may be
cracked or separated.

To prevent such cracking or separation, Japanese Patent
Laid-Open No. 2001-53448 discloses an mmvention using a
solder resist layer containing an 1norganic filler.

The mvention forms the solder resist layer containing the
inorganic {iller on the printed wiring board to reduce the
thermal expansion coetlicient of the solder resist layer. This
reduces the difference of the thermal expansion coelficient
between the solder resist layer and an interlayer resin 1nsu-
lating layer or the like which 1s present around the periphery
of the solder resist layer.

As a result, after a process of manufacturing a printed
wiring board or a process of mounting an electronic part such
as a sesmiconductor element on the printed wiring board, the
solder resist layer can be prevented from being cracked or
separated. The publication also shows that a solder resist layer
ol the same material as that described above 1s formed on both
the mounting surface and back surface of the printed wiring

board.

That 1s, 1n the above invention, the solder resist layer,
formed on the surface layer of the printed wiring board,
contains the inorganic filler and thus has the small thermal
expansion coelilicient. This prevents the solder resist layer
from being cracked during a heating step such as soldering.

If an insulating resin layer 1s formed using a photosensitive
resin such as a solder resist, and a via hole 1s formed 1n the
insulating layer made of the insulating resin layer, then the
printed wiring board may be significantly warped when the

insulating resin layer 1s dried after the formation of the via
hole.

Japanese Patent Laid-Open No. 11-26190 discloses a
method for inhibiting the possible warpage of a printed circuit
board. The method completely dries and cures solder resist
layers formed on the opposite surfaces of the printed wiring
board, that 1s, mmsulating resin layers, before the formation of
a via hole. Thus, during the drying, the resist layers on the
opposite surfaces of the printed wiring board have the same
area. This equalizes shrinkage behavior on the opposite sur-
taces of the board, reducing possible warpage.
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However, the method requires the use of a laser for a
process of forming a via hole 1n the solder resist layer. This
not only increases facility costs but also makes 1t difficult to
form an opening pattern of any shape. In particular, when a
die pattern 1s formed under a semiconductor element, an
opening pattern with a relatively large area needs to be
formed. It 1s diflicult to process such an opening pattern using
a laser.

The present invention solves these problems. An object of
the present invention 1s to provide a wiring board that 1s
mimmally warped even 11 the wiring board made of resin 1s
thin and has wiring patterns of different shapes formed on the
opposite surface thereot, as well as a thin, small, and reliable
semiconductor device implemented using the wiring board.

DISCLOSURE OF THE INVENTION

To solve the above object, a wiring board according to the
present invention includes a planar resin base material, ele-
ment connection terminals arranged 1n a semiconductor ele-
ment mounting area formed on a first surface of the resin base
material and 1n an area around a periphery of the semicon-
ductor element mounting area, external connection terminals
arranged on a second surface of the resin base material and
clectrically connected to the element connection terminals, a
first resin film shaped to cover the first surface of the resin
base material, while exposing the element connection termi-
nals and the semiconductor element mounting area, and a
second resin film shaped to cover the second surface of the
resin base material, while exposing the external connection
terminals, wherein the first resin film and the second resin
f1lm are different in at least one of a glass transition point, cure
shrinkage, and a thermal expansion coelficient.

In the above configuration, the first resin film formed on the
first surface of the resin base matenal 1s formed to expose the
semiconductor element mounting area. Consequently, the
area of the second resin film formed on the second surtace of
the resin base material 1s larger than that of the first resin film.
The external connection terminals are arranged in an array on
the second surface of the resin base material.

However, the amount of possible warpage can be reduced
even alter curing by varying at least one ofthe glass transition
point, cure shrinkage, and thermal expansion coelficient
between the first resin film and the second resin film. For
example, the glass transition point, cure shrinkage, or thermal
expansion coellicient of the first resin film may be set greater
than that of the second resin film.

This enables a resin wiring board with possible warpage
mimmized to be implemented even if a thin resin base mate-
rial 1s used. Further, even 1t the semiconductor element 1s
mounted on the resin wiring board, the amount of possible
warpage can be reduced.

The amount of possible warpage of the resin wiring board
can also be reduced when a filler contained 1n the first resin
{1lm and a filler contained in the second resin film are made of
inorganic particles and when the amount of the filler con-
tained 1n the first resin film 1s smaller than that of the filler
contained 1n the second resin film. In this case, the fillers in
the first and second resin films may be made of inorganic
particles of different materials. Moreover, resin components
in the first and second resin films may be one of an epoxy resin
and a polyimide resin.

This configuration allows the glass transition point, cure
shrinkage, and thermal expansion coetlicient to be relatively
optionally controlled. For example, silica particles with a
small thermal expansion coellicient are used as the filler 1n the
second resin film, and alumina particles having a greater
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thermal expansion coellicient than the silica particles are used
as the filler 1n the first resin film. This makes 1t possible to
make the thermal expansion coellicient of the second resin
f1lm smaller than that of the first resin film even with the same
addition amount.

Alternatively, fillers with different particle sizes or shapes
may be used to control the thermal expansion coelficient,
glass fransition point, or cure shrinkage. Alternatively,
instead of controlling the filler amounts or materials, for
example, a polyimide resin may be used as the resin compo-
nent of the first resin film and an epoxy resin may be used as
the resin component of the second resin film, to control the
glass transition point, cure shrinkage, and thermal expansion
coellicient.

In the above configuration, the resin base material 1s made
ol one type of resin selected from a glass epoxy resin, an
epoxy resin, a bismaleimide-triazine resin (BT resin), an
acrylic butadiene styrene resin (ABS resin), a polyimide
resin, a polyamide resin, and an acrylic resin.

A semiconductor device according to the present invention
has a semiconductor element mounted in the semiconductor
clement mounting area of the wiring board having any of the
above configurations. This enables the possible warpage of
the semiconductor device to be mhibited. Consequently, a
semiconductor device can be implemented which can be eas-
1ly mounted on and reliably connected to a mother board or
the like, 1n spite of a very thin configuration. In particular, the
amount of possible warpage can be reduced even 1n the case
of a BGA configuration having solder balls with which the
external connection terminals of the resin wiring board are
arranged 1n an array. This makes 1t possible to implement a
reliable mounting step.

A semiconductor device according to the present invention
includes a first resin wiring board and a second resin wiring
board each of which 1s made of aresin wiring board according
to any of the above configurations, the first resin wiring board
having stacking connection terminals provided in an area
around an outer periphery of the semiconductor element
mounting area on a first surface of the wiring board and
connected to the second resin wiring board, the stacking
connection terminals being exposed from the first resin film,
the second resin wiring board having the external connection
terminals provided at positions corresponding to the stacking
connection terminals on the first resin wiring board, the first
and second resin wiring boards having a semiconductor ele-
ment mounted in the respective semiconductor element
mounting areas, the stacking connection terminals on the first
resin wiring board being connected to the external connection
terminals on the second resin wiring board via stacking pro-
jection electrodes.

This configuration makes 1t possible to mount the semicon-
ductor element on the resin wiring board to construct the
semiconductor device and to easily produce a semiconductor
device with a reliable stacked structure by stacking such
semiconductor devices with possible warpage inhibited on
one another. Moreover, even a semiconductor device having a
large circuit scale can be formed to be very thin. A semicon-
ductor device can also be implemented which can be easily
mounted on and reliably connected to a mother board or the
like.

The resin wiring board according to the present invention
exerts the following significant effects. The resin wiring
board according to the present invention 1s only mimmally
warped even when a wiring pattern 1s formed using a thin
resin base material and 1s unlikely to be warped or twisted
even after the semiconductor element has been mounted. This
makes 1t possible to implement a thin semiconductor device
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with the BGA configuration which can be reliably mounted
on a mother board or the like. This further makes 1t possible to
provide a thin semiconductor device even when the semicon-
ductor device 1s constructed by stacking such wiring boards
with a semiconductor element mounted thereon. Further-
more, the terminals can be reliably connected together during
the stacking. This results in a high manufacturing yield and

high reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a plan view showing the configuration of a
wiring board according to a first embodiment of the present
invention as viewed from a semiconductor mounting area
side:

FIG. 1B 1s a plan view showing the configuration of the
wiring board according to the first embodiment of the present
invention as viewed from an external connection terminal
side;

FIG. 1C 1s a sectional view taken along line A-A i FIGS.
1A and 1B and showing the configuration of the wiring board
according to the first embodiment of the present invention;

FIG. 2 1s a sectional view showing the configuration of a
semiconductor device produced using the wiring board
according to the first embodiment;

FIGS. 3A to 3D are diagrams illustrating a process of
producing a semiconductor device using the wiring board
according to the first embodiment;

FIG. 4A 1s a plan view showing the configuration of a
wiring board according to a second embodiment of the
present 1nvention as viewed from a semiconductor element
mounting side;

FI1G. 4B 1s a sectional view taken along line B-B 1n FIG. 4A
and showing the configuration of the wiring board according
to the second embodiment of the present invention;

FIG. 5A 1s a plan view showing the configuration of a
semiconductor device constructed using the wiring board
according to the second embodiment as viewed from a semi-
conductor element side;

FIG. 5B 1s a sectional view taken along line B-B in FIG. 5A
and showing the configuration of the wiring board according
to the second embodiment of the present invention;

FIG. 6 A 1s a plan view showing the configuration of a first
wiring board according to a third embodiment of the present
invention as viewed from a semiconductor element mounting
side;

FIG. 6B 1s a sectional view taken along line C-C in FIG. 6 A
and showing the configuration of the first wiring board
according to the third embodiment of the present invention;

FIG. 7A 1s a plan view showing the configuration of a
second wiring board according to the third embodiment of the
present 1nvention as viewed from a semiconductor element
mounting side;

FIG. 7B 1s a sectional view taken along line D-D 1n FIG. 7TA
and showing the configuration of the second wiring board
according to the third embodiment of the present invention;

FIG. 8A 15 a plan view showing a semiconductor device
constructed using the first wiring board according to the third
embodiment of the present mvention as viewed from the
semiconductor element mounting side;

FIG. 8B 15 a sectional view taken along line E-E in FIG. 8A
and showing the semiconductor device constructed using the
first wiring board according to the third embodiment of the
present invention;

FIG. 9A 15 a plan view showing a semiconductor device
constructed using the second wiring board according to the
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third embodiment of the present invention as viewed from the
semiconductor element mounting side;

FIG. 9B 1s a sectional view taken along line F-F 1n FIG. 9A
and showing the semiconductor device constructed using the
second wiring board according to the third embodiment of the
present invention; and

FIG. 10 1s a sectional view of a semiconductor device
constructed by stacking a first semiconductor device and a
second semiconductor device according to the third embodi-
ment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

Embodiments of a semiconductor device according to the
present invention will be described below with reference to
the drawings. The present invention 1s not limited to the
thicknesses, lengths, or the like of members shown 1n the
drawings, described below. In the figures, the number of
clectrodes for a semiconductor element and the number of
terminals on a wiring board are simplified.

First Embodiment

FIG. 1A 1s a plan view showing the configuration of a
wiring board according to a first embodiment of the present
invention as viewed from a semiconductor mounting area
side. FIG. 1B 15 a plan view of the wiring board as viewed
from an external connection terminal side. FIG. 1C 1s a sec-
tional view taken along line A-A in FIGS. 1A and 1B.

In the present embodiment, a wiring board 10 comprises a
planar resin base material 12, element connection terminals
14, external connection terminals 16, a first resin film 26, and
a second resin film 28. The element connection terminals 14
are arranged 1n a semiconductor element mounting area 30
formed on a first surface of the resin base material 12 and 1n
an area around the periphery of the semiconductor element
mounting area 30.

The external connection terminals 16 are arranged on a
second surface of the resin base material 12. The element
connection terminals 14 and the external connection termi-
nals 16 are electrically connected together via wiring patterns
18, 22 and 1nner vias 24 built into the resin base material 12 as
well as through conductors 20 penetrating the resin base
material 12.

The first resin film 26 1s formed on the first surface of the
resin base material 12 and shaped so as to expose the element
connection terminals 14. The second resin film 28 1s formed
on the second surface of the resin base material 12 and shaped
s0 as to expose the external connection terminals 16. In the
present embodiment, the external connection terminals 16 are
arranged 1n an array on the second surface of the resin base
material 12.

The first resin film 26 and the second resin film 28 are
different1n atleast one of a glass transition point, cure shrink-
age, and a thermal expansion coellicient. Specifically, the first
resin {1llm 26 has a greater cure shrinkage and thermal expan-
sion coelficient than the second resin film 28.

Both the first resin film 26 and the second resin film 28 are
formed using an epoxy resin as a resin component. Inorganic
particles are used as a filler contained in the first resin film 26
and a filler contained in the second resin film 28. To make a
difference 1n thermal expansion coelficient between the first
resin film 26 and the second resin film 28, the amount of filler
contained in the first resin film 26 1s set smaller than that of
filler contained 1n the second resin film 28. The resin compo-
nent of the first resin film 26 and second resin film 28 may be
a polyimide resin.
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The present embodiment will be described 1n conjunction
with the case where a glass epoxy resin, typified by FR-4, 1s
used as the resin base material 12. However, the resin base
material 12 may be one type of resin selected from a glass
CpOXy resin, an €poxy resin, a bismaleimide-triazine resin
(BT resin), an acrylic butadiene styrene resin (ABS resin), a
polyimide resin, a polyamide resin, and an acrylic resin.

The resin base material 12 may have a square external
shape and a thickness of about 40 to 500 um. However, the
resin base material 12 preferably has a thickness of at most
200 um 1n order to provide a thin semiconductor device.

The element connection terminals 14 and external connec-
tion terminals 16, formed on the resin base material 12, are
formed, for example, as follows. First, a conductor film such
as copper (Cu) 1s deposited directly on a surface of the resin
base material 12 using electroplating, electroless plating, or
both. Alternatively, a conductor foil such as a copper foil
which serves as a conductor film 1s stuck to a surface of the
resin base material 12 using an adhesive. The conductor film
preferably has a thickness set at 5 to 50 um, more preferably
at about 15 um 1n view of pattern processability. The conduc-
tor film thus formed 1s patterned by, for example, etching.

Then, a film composed of two layers of mickel (N1) and gold
(Au) 1s formed on the conductor film using electroplating,
clectroless plating, or the like. The thicknesses of these layers
are such that the nickel layer has a thickness of 1 to 10 um,
preferably of 3 um and such that the gold layer has a thickness
01 0.01 to 0.1 um, preferably o1 0.05 um. The film composed
of the two layers of nickel (N1) and gold (Au) 1s not essential.
The film need not be formed 11 for example, the semiconduc-
tor element 1s mounted on the resin wiring board by soldering.

Then, the first resin film 26 1s formed on the first surface of
the resin base material 12. The second resin film 28 1s formed
on the second surface. These films have a thickness set at 5 to
70 um and more preferably at about 15 to 40 um 1n view of
pattern processability.

The first resin film 26 and the second resin film 28 will be
described below. In the present embodiment, both the first
resin film 26 and the second resin film 28 use an epoxy resin
as a resin component and use silica particles as a filler.

The addition amount of the filler 1s 5 to 10 wt % for the first
resin film 26 and 30 to 50 wt % for the second resin film 28.
Addition of more silica particles, the filler, enables a reduc-
tion 1n thermal expansion coellicient and cure shrinkage.
However, the addition amount of the filler exceeding 50 wt %
reduces resolution based on ultraviolet irradiation. Thus, the
present embodiment sets the addition amount of the filler at a
maximum of 50 wt % for the second resin film 28.

By thus varying the addition amount of the filler between
the first resin film 26 and the second resin film 28, 1t 1s
possible to make the thermal expansion coelficient and cure
shrinkage of the second resin film 28 smaller than those of the
first resin {ilm 26. Further, the addition of a relatively large
amount of filler made of silica particles degrades the absorb-
ing property of the second resin film 28.

The second resin film 28 has a relatively simple pattern as
shown 1n the figure, and the external connection terminals 16
have a large pitch. The second resin film 28 may thus be
formed, for example, 1n accordance with a screen printing
scheme. In this case, pattern processing based on an exposure
process and an etching process 1s unnecessary. This enables
an increase 1n filler addition amount to about 90 wt % and thus
a reduction in thermal expansion coelficient and cure shrink-
age.

The filler 1s not limited to the silica particles. The filler 1s
not particularly restricted provided that the material 1s 1nor-
ganic and offers an msulating property. For example, alumi-
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num silicate particles, titanium oxide particles, aluminum
oxide particles, or zirconium oxide particles may be used as a
filler. Moreover, the filler added to the first resin film 26 and
the filler added to the second resin film 28 may be composed
of different materials.

As shown 1n FIGS. 1A, 1B, and 1C, 1n the wiring board 10
according to the present embodiment, the formation area of
the second resin film 28 1s larger than that of the first resin film
26. However, the thermal expansion coellicient and cure
shrinkage of the second resin film 28 are set smaller than
those of the first resin film 26. This enables a reduction 1n the
possible warpage of the wiring board 10 even after curing.

FIG. 2 1s a sectional view showing the configuration of a
semiconductor device 40 produced using the resin wiring,
board 10 according to the present embodiment. The semicon-
ductor device 40 has a BGA configuration having the resin
wiring board 10, a semiconductor element 42, and connecting
projection electrodes 49 provided on the external connection
electrodes 16, with the semiconductor element 42 mounted in
the semiconductor element mounting area 30 formed on the
first surface of the wiring board 10.

The external connection terminals 16 are arranged 1n an
array on the second surface of the resin base material 12. The
connecting projection electrodes 49 are provided on the
respective external connection terminals 16. The connecting
projection electrodes 49 may be, for example, solder balls.

The semiconductor element 42 forms projection electrodes
46 on eclectrode terminals 44. The electrode terminals 44 are
connected to the connection terminals 14 on the resin wiring
board 10 via the projection electrodes 46. Moreover, the
semiconductor element 42 1s bonded to the resin wiring board
10 by a sealing resin 48.

This configuration enables a reduction in the possible
warpage ol the entire semiconductor device 40 with the con-
necting projection electrodes 49 connected to the external
connection terminals 16. This makes 1t possible to reliably
prevent 1nappropriate connections when the semiconductor
device 40 1s mounted on a circuit board such as a mother
board. This in turn results 1n the unlikelithood of tnappropnate
connections, improving the reliability of the semiconductor
device 40.

A description will be given of the results obtained by
studying the etfect of reducing the possible warpage of the
wiring board.

In Experiment Example 1, the resin wiring board 10 was
produced with 5 to 10 wt % of filler added to the first resin film
26 and 30 to SO0 wt % of filler added to the second resin film 28.

In Comparative Example 1, a resin wiring board was pro-
duced with 30 to 50 wt % of filler added to both the first and
second resin films.

In Comparative Example 2, a resin wiring board was pro-
duced with 5 to 10 wt % of filler added to both the first and
second resin films.

The three types of samples were heated at a soldering
temperature. The amount of warpage having occurred in the
wiring board was measured. The predetermined amount of
warpage with which the wiring board can be normally
mounted on a mother board was defined as a reference value.
The measured value of the amount of warpage in each sample
was compared with the reference value. Wiring boards exhib-
iting a warpage amount greater than the reference value were
determined to be defective. Thus, an efficiency percentage
was determined which indicated the number of wiring boards
exhibiting a warpage amount smaller than the reference
value. The number of samples in each of Experiment
Example 1, Comparative Example 1, and Comparative
Example 2 was 25.
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The results of the above experiments will be described.
Experiment Example 1 exhibited an efficiency percentage of
100%. On the other hand, Comparative Example 1 exhibited
a slightly reduced average value of the warpage amount but an
elliciency percentage o1 75%. Comparative Example 2 exhib-
ited an increased average value of the warpage amount with
an efficiency percentage of 36%. These results indicate that
the configuration according to the present invention enables a
reduction 1n the amount of warpage of the wiring board,
allowing the wiring board to be reliably mounted on a mother
board.

Instead of adjusting the addition amount of the filler, fillers
of different maternials may be added or different resin compo-
nents may be used to control the thermal expansion coetfi-
cient, cure shrinkage, and glass transition point. These mea-
sures allow the warpage amount to be reduced by setting the
properties of the first and second resin films in accordance
with the configuration of the resin wiring board.

For example, a polyimide resin may be used as the resin
component of the first resin {ilm, whereas an epoxy resin may
be used as the resin component of the second resin film, or
vice versa. Alternatively, alumina particles may be used as the
filler added to the first resin film, and silica particles may be
used as the filler added to the second resin film.

Now, a description will be given of a manufacturing pro-
cess of producing the semiconductor device 40 of the BGA
configuration using the above wiring board 10. FIG. 3 1s a
diagram 1illustrating a process of producing the semiconduc-
tor device using the resin wiring board according to the
present embodiment.

First, as shown 1 FIG. 3A, the resin wiring board 10,
which 1s similar to that described in FIGS. 1A to 1C, 1s
prepared. The wiring board 10 1s produced, for example, as
described below.

Copper foils are stuck to the opposite surfaces of a resin
base material 12 with a wiring pattern 22 and inner vias 24
tormed therein. The resin base material 12 has a thickness of
40 to 400 um, more desirably of about 200 um. Subsequently,
through conductors 20 penetrating the resin base material 12
are formed and copper foils are stuck to the resin base mate-
rial. The copper foils are then etched, and appropriate areas
are plated with gold or the like.

The through conductors 20 are formed by forming
through-holes 1n the resin base material 12 by, for example,
drilling or laser 1irradiation, and plating the through-holes to
form plated conductors or the like for conductance. The
plated conductor may be composed of, for example, a single
layer, two layers, or three layers.

For example, the single layer configuration has a single
copper (Cu) or gold (Au) layer formed, using electroplating
or electroless plating, to have a thickness of 5 to 350 um,
preferably 20 um. The two-layer configuration has two layers
tformed therein by depositing copper (Cu) and nickel (Ni1).
The three-layer configuration has three layers formed therein
by depositing gold (Au), copper (Cu), and nickel (N1).

The element connection terminals 14, the wiring pattern
18, the external connection terminals 16, and the like are
formed as described above. Then, the first resin film 26 1s
formed on the first surface of the resin base material 12,
whereas the second resin film 28 1s formed on the second
surface.

The first resin film 26 and the second resin film 28 may be
formed, for example, 1n accordance with the screen printing
scheme or by applying a liquid resin all over the surface of the
resin base material 12 and then using the exposure process
and etching process to process the base material into a pre-
determined shape.
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The first resin film 26 1s preferably formed by the exposure
process and etching process. On the other hand, the second
resin film 28 may be formed using either the exposure process
and etching process or the screen printing scheme. The use of
the screen printing scheme not only simplifies the whole
process but also enables the use of a resin material that 1s
insensitive to light. This increases the degree of freedom of
the selection of a matenal for the second resin film 28.

Then, as shown 1n FIG. 3B, the semiconductor element 42
1s mounted on the semiconductor element mounting area 30
of the wiring board 10. The electrode terminals 44 and the
connection terminals 14 are connected together via the pro-
jection electrodes 46. The connection 1s performed as fol-
lows.

A solder paste (not shown) 1s formed at a predetermined
position on each of the connection terminals 14 by printing
with a metal mask. The projection electrode 46 of each elec-
trode terminal 44 on the semiconductor element 42 1s tempo-
rarily fixed to the corresponding solder paste.

Subsequently, for example, a reflow furnace 1s used to heat
the wiring board 10 to melt the solder pastes. The electrode
terminals 44 and the connection terminals 14 are thus elec-
trically and mechanically connected together via the projec-
tion electrodes 46 and the solder pastes. The heating tempera-
ture in the reflow furnace depends on the material of the solder
paste. For example, i1 the solder paste 1s composed of silver
(Ag), copper (Cu), and stannum (Sn), the wiring board 10
needs to be heated to about 240° C.

The connection between the projection electrode 46 of the
clectrode terminal 44 and the corresponding connection ter-
minal 14 1s not limited to the above method. Another junction
method such as the one described below may be used. For
example, a conductive resin paste containing a silver (Ag)
filler 1s applied to the projection electrode 46. With the pro-
jection electrode 46 in contact with the corresponding con-
nection terminal 14 on the resin wiring board 10, the wiring
board 10 1s heated between 170 and 200° C. to cure the resin
paste to connect the projection electrode 46 and the connec-
tion terminal 14 together.

Then, as shown 1n FIG. 3C, the sealing resin 48 1s injected
into the gap between the resin base material 12 of the wiring
board 10 and the semiconductor element 42. The wiring
board 10 1s then heated to cure the sealing resin 48. The
sealing resin 48 1s a liquid resin containing, for example, an
epoXy resin as a base resin mixed with at least a curing agent
and a cure shrinkage regulator. The sealing resin 48 exhibits a
low viscosity enough to be 1njected into the gap between the
resin base material 12 and the semiconductor element 42.

The liquid resin 1s cured by being heated between 160 and
210° C., preferably at about 180° C. The curing time may be
appropriately set depending on the shape of a curing appara-
tus or the like.

Then, as shown in FIG. 3D, the connecting projection
clectrode 49 made of, for example, a stannum (Sn)-silver
(Ag)-copper (Cu) alloy 1s placed on the corresponding exter-
nal connection terminal 16 formed on the second surface of
the resin base material 12. Subsequently, the wiring board 1s
heated to about 240° C. to join the connecting projection
clectrode 49 to the corresponding external connection termi-
nal 16. This results 1n the semiconductor device 40 of the
BGA configuration according to the present embodiment.

Second Embodiment

FIG. 4A 15 a plan view showing the configuration of a resin
wiring board according to a second embodiment of the
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present imnvention, as viewed from a semiconductor element
mounting side. FIG. 4B 1s a sectional view taken along line
B-B 1n FIG. 4A.

A wiring board 50 1s configured so that a semiconductor
clement (not shown) 1s mounted on the wiring board 50 by
wire bonding. Element connection terminals 64, a wiring
pattern 68, and a die pattern 70 are formed on a first surface of
aresin base material 62. A first resin film 74 1s formed so as to
expose predetermined portions of the element connection
terminals 64 and the die pattern 70, while covering the other
areas.

External connection terminals 66 are formed on a second
surface of the resin base material 62. A second resin film 76 1s
formed so as to expose the external connection terminals 66,
while covering the other areas. Through conductors 72 are
formed at predetermined positions 1n the resin base material
62 so as to penetrate the resin base maternial 62. The through
conductors 72 electrically connect the external connection
terminals 66 to the wiring pattern 68. The element connection
terminals 64 and the external connection terminals 66 are
clectrically connected together via the wiring pattern 68 and
the through conductors 72.

Here, the first resin film 74 and the second resin film 76 are
formed of a material similar to that described for the resin
wiring board 10 according to the first embodiment. Accord-
ingly, also in the wiring board 50 according to the present
embodiment, the thermal expansion coeificient and cure
shrinkage of the second resin film 76 are set smaller than
those of the first resin film.

Further, as shown 1n FIG. 4B, the area of the second resin
film 76 1s larger than that of the first resin film 74, but the
thermal expansion coefficient and cure shrinkage of the sec-
ond resin film 28 are smaller than those of the first resin film
26. This enables a reduction in the amount of possible
warpage of the wiring board 10 after curing the resin film.

FIG. 5A 1s a plan view showing a semiconductor device 80
constructed using the wiring board 50, as viewed from a
semiconductor element side. FIG. 5B 1s a sectional view
taken along line B-B in FIG. 5A.

A semiconductor element 82 1s bonded to a die pattern 70
on the wiring board 50 using a conductive adhesive 88. Elec-
trode terminals 84 on the semiconductor element 82 are con-
nected to the element connection terminals 64 on the resin
wiring board 50 via thin metal wires 86. A sealing resin 90 1s
formed over the semiconductor element 82 and the thin metal
wires 86. Connecting projection electrodes 92 are formed on
the external connection terminals 66 on the wiring board 30
and made of, for example, solder balls. The connecting pro-
jection electrodes 92 allow the wiring board to be mounted on
a mother board by solder reflowing.

With the semiconductor device 80 using the wiring board
50 according to the second embodiment, the wiring board 50
itself may be warped only by a small amount, allowing the
semiconductor element 82 to be fixedly bonded. Even with
the sealing resin 90 formed after mounting of the semicon-
ductor element 82, the amount of possible warpage of the
semiconductor device 80 as a whole can be minimized.

Third Embodiment

FIGS. 6A, 6B,7A, and 7B show the configuration of aresin

wiring board according to a third embodiment of the present
invention, which 1s mainly used for a stacked semiconductor
device. FIGS. 6A and 7A are plan views of the wiring board
as viewed from a semiconductor element mounting side. FIG.
6B 1s a sectional view taken along line C-C in FIG. 6A. FIG.
7B 1s a sectional view taken along line D-D 1n FIG. 7A.
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In the description below, a wiring board shown 1n FIGS. 6 A
and 6B 1s referred to as a first wiring board 100. A wiring
board shown 1n FIGS. 7A and 7B 1s referred to as a second

wiring board 130.

As shown in FIGS. 6 A and 6B, the first resin wiring board
100 comprises a planar resin base material 102, element
connection terminals 104, external connection terminals 110,
a firstresin film 118, and a second resin film 120. The element
connection terminals 104 are arranged inside a semiconduc-
tor element mounting area 122 formed on a first surface of the
resin base material 102. The external connection terminals
110 are arranged 1n an array on a second surface of the resin
base material 102 and electrically connected to the element
connection terminals 104. The first resin {ilm 118 1s formed so
as to cover the first surface of the resin base material 102,
while exposing the element connection terminals 104, the
wiring pattern 106, and the stacking connection terminals
108. The second resin film 120 1s formed so as to cover the
second surface of the resin base material 102, while exposing
the external connection terminals 110.

The wiring pattern 106 and element connection terminals
104, formed on the first surface of the resin base material 102,
are electrically connected together by a wiring pattern 114
and iner vias 116 built into the resin base material 102. The
clement connection terminals 104 and the external connec-
tion terminals 110 are electrically connected together by
through conductors 112 provided at predetermined positions
of the resin base material 102. A wiring pattern may be
formed on the second surface of the resin base material 102 as
required.

The stacking connection terminals 108 are provided 1n an
area around the outer periphery of a semiconductor element
mounting area 122 of the wiring board 100 and connected to
the second resin wiring board 130.

The first resin film 118 and the second resin film 120 are
made of materials differing in at least one of the glass transi-
tion point, cure shrinkage, and thermal expansion coellicient.
In this case, the cure shrinkage of the first resin film 118 1s set
greater than that of the second resin film 120. The thermal
expansion coellicient of the first resin film 118 1s set greater
than that of the second resin film 120.

Thus, inorganic particles are used as a filler contained 1n the
first resin film 118 and as a filler contained 1n the second resin
{1lm 120. The amount of filler contained 1n the first resin film
118 1s set smaller than that of filler contained 1n the second
resin film 120. In the present embodiment, the resin compo-
nent of the first resin film 118 1s made of an epoxy resin. The
resin component of the second resin film 120 1s made of a
polyimide resin.

A glass epoxy resin, often used for circuit boards with
multilayer wiring or the like, 1s used as the resin base material
102 according to the present embodiment. However, 1t 1s
possible to use one type of resin selected from any of other
epoxXy reins, a bismaleimide-triazine resin (BT resin), an
acrylic butadiene styrene resin (ABS resin), a polyimide
resin, a polyamide resin, and an acrylic resin.

As shown 1n FIGS. 7A and 7B, the basic configuration of
the second wiring board 130 1s the same as that of the first
resin wiring board 100, shown in FIGS. 6A and 6B. The
second wiring board 130 has element connection terminals
134 and a wiring pattern 136 formed on a first surface of a
resin base material 132. The wiring pattern 136 1s electrically
connected to external connection terminals 140 formed on a
second surface of the resin base material 132, by through
conductors 142 provided at predetermined positions of the
resin base material 132.
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The second resin wiring board 130 has a die pattern 138
formed 1n an area 1 which a semiconductor element (not
shown) 1s mounted. A first resin {ilm 144 1s formed so as to
cover the first surface of the resin base material 132, while
exposing predetermined portions of the die pattern 138 and
clement connection terminals 134. In the second resin wiring
board 130, the area 1n which the die pattern 138 1s formed and
a nearby area thereol collectively constitute a semiconductor
clement mounting area.

The external connection terminals 140 are formed on the
second surface of the resin base material 132. As described
above, the external connection terminals 140 and the element
connection terminals 134 are electrically connected together
via the wiring pattern 136 and the through conductors 142. A
second resin film 146 covering the second surface of the resin
base material 132 1s formed so as to expose predetermined
portions of the external connection terminals 140. Materials
and production methods for the first resin film 144 and the
second resin {1lm 146 are the same as those for the first wiring
board 100 and will thus not be described below.

The external connection terminals 140 on the second wir-
ing board 130 are provided at positions corresponding to the
stacking connection terminals 108 on the first wiring board
100. That 1s, while the external connection terminals 110 on
the first wiring board 100 are arranged 1n an array, the external
connection terminals 138 on the second wiring board 130 are
arranged only 1n an outer peripheral area of the resin base
material 132.

Even 1n the first wiring board 100 and second wiring board
130 configured as described above, the second resin films
120, 146 have smaller thermal expansion coelflicient and cure
shrinkage than the first resin films 118, 144. This enables a
reduction in the amount ol possible warpage of the first wiring,
board 100 and the second wiring board 130.

FIG. 8A 15 a plan view showing a semiconductor device
constructed using the first wiring board 100, as viewed from
a semiconductor element mounting side. FIG. 8B is a sec-
tional view taken along line E-E in FIG. 8A. FIG. 9A 1s a plan
view showing a semiconductor device constructed using the
second resin wiring board 130, as viewed from a semicon-
ductor element mounting side. FIG. 9B 1s a sectional view
taken along line F-F i FIG. 9A.

In the description below, a semiconductor device shown 1n
FIGS. 8A and 8B 1s referred to as a first semiconductor device
150. A semiconductor device shown in FIGS. 9A and 9B 1s
referred to as a second semiconductor device 160.

As shown 1n FIGS. 8A and 8B, the first semiconductor
device 150 has a semiconductor element 152 mounted on the
semiconductor element mounting area 122 of the first wiring
board 100 and bonded to the first wiring board 100 by a
sealing resin 158. The semiconductor element 152 has pro-
jection electrodes 156 formed on electrode terminals 154 and
connected to the element connection terminals 104 on the first
wiring board 100 via the projection electrodes 156.

The first semiconductor device 150 can be used in the
above state. In this case, for example, solder balls are joined
to the external connection terminals 110 as the connecting
projection electrodes 49. The first semiconductor device 150
1s thus used as a semiconductor device of the BGA configu-
ration.

The first semiconductor device 150 i1s configured as
described above using the first wiring board 100, which may
be warped only by a small amount. This enables a reduction in
the amount of possible warpage of the semiconductor device
150 as a whole. Consequently, even when the semiconductor
device 150 1s mounted on a circuit board such as a mother
board, possible inappropriate connections can be reliably pre-
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vented. Moreover, 1f a stacked semiconductor device 1s to be
implemented as described below, the semiconductor device
150 facilitates the mounting step and improves reliability.

As shown 1n FIGS. 9A and 9B, a second semiconductor
device 160 has a semiconductor element 162 mounted on the
die pattern 138 on the second wiring board 130 and bonded to
the second wiring board 130 with a conductive adhesive 168.
The semiconductor element 162 has electrode terminals 164
connected to element connection terminals 134 on the second
wiring board 130 via thin metal wires 166. The second semi-
conductor device 160 has a sealing resin formed so as to cover
the semiconductor elements 162 and the thin metal wires 166.
However, FIGS. 9A and 9B do not show the sealing resin.

In the second semiconductor device 160 configured as
described above, the reduced amount of possible warpage of
the second wiring board 130 facilitates the fixed bonding of
the semiconductor element 162. Further, even after the seal-
ing resin 1s formed after mounting steps such as wire bonding
following mounting of the semiconductor element 162 on the
second wiring board 130, the possible warpage of the semi-
conductor device as a whole can be reduced. This enables the
implementation of a thin semiconductor device that can be
casily mounted on a mother board or the like.

FIG. 10 1s a sectional view of a semiconductor device 170
constructed by stacking the first semiconductor device 150
and the second semiconductor device 160 on each other.

As shown 1n FIG. 10, 1n the semiconductor device 170, the
second semiconductor device 160 1s mounted on the first
semiconductor device 150. The stacking connection termi-
nals 108 provided on the first wiring board 100 of the first
semiconductor device 150 are connected to the external con-
nection terminals 140 on the second wiring board 130 of the
second semiconductor device 160 via the stacking projection
clectrodes 174. The stacking projection electrodes 174 may
be, for example, solder bumps, or metal columns or balls
having solder films formed on the surfaces thereof.

Also 1n this stacked configuration, the first semiconductor
device 150 and the second semiconductor device 160 may be
warped only by a small amount. This makes mappropriate
connections unlikely to occur when the first and second semi-
conductor devices 150 and 160 are connected together via the
stacking projection electrodes 174. This enables the imple-
mentation of a reliable semiconductor device offering a high
yield.

A significant reduction 1n the thicknesses of the first and
second wiring boards 100 and 130 makes 1t possible to
sharply reduce the thickness stacked configuration as a
whole. If the first semiconductor device 150 and the second
semiconductor device 160 are separately produced and then
stacked on each other, the semiconductor devices can be
individually subjected to electrical tests and the like. This
makes 1t possible to produce a stacked semiconductor device
offering a high yield.

With the resin wiring board according to the present inven-
tion, varying the characteristics of the resin films formed on
the front and back surfaces of the resin base material makes 1t
possible to absorb an amount of warpage resulting from the
difference in thermal expansion coetlicient between constitu-
ent members. This enables the implementation of a wiring
board and a semiconductor device which are thin and which
may as a whole be warped only by a small amount. The wiring
board and the semiconductor device are useful particularly in
the field of portable electronic equipment.

What 1s claimed 1s:

1. A wiring board comprising a planar resin base material,
clement connection terminals arranged in a semiconductor
clement mounting area formed on a first surface of the resin
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base material and 1n an area around a periphery of the semi-
conductor element mounting area, external connection termi-
nals arranged on a second surface of the resin base material
and electrically connected to the element connection termi-
nals, a first resin film shaped to cover the first surface of the
resin base material, while exposing the element connection
terminals and the semiconductor element mounting area, and
a second resin film shaped to cover the second surface of the
resin base material, while exposing the external connection
terminals, wherein the first resin film and the second resin
f1lm are different in at least one of a glass transition point, cure
shrinkage, and a thermal expansion coelficient.

2. The wiring board according to claim 1, wherein the
external connection terminals are arranged 1n an array on the
second surface of the resin base material.

3. The wiring board according to claim 1, wherein the first
resin film has a higher glass transition point than the second
resin film.

4. The wiring board according to claim 1, wherein the first
resin {ilm has a greater cure shrinkage than the second resin

film.

5. The wiring board according to claim 1, wherein the first
resin {1lm has a greater thermal expansion coefficient than the
second resin film.

6. The wiring board according to claim 1, wherein a filler
contained 1n the first resin film and a filler contained 1n the

second resin film are made of norganic particles, and the
amount of the filler contained 1n the first resin film 1s smaller
than that of the filler contained in the second resin film.

7. The wiring board according to claim 6, wherein the
fillers 1n the first and second resin films are made of 1norganic
particles of different materials.

10

15

20

25

30

16

8. The wiring board according to claim 6, wherein resin
components 1n the first and second resin films are one of an
epoxy resin and a polyimide resin.

9. The wiring board according to claim 1, wherein the resin
base material 1s made of one type of resin selected from a
glass epoxy resin, an epoxy resin, a bismaleimide-triazine
resin (BT resin), an acrylic butadiene styrene resin (ABS
resin), a polyimide resin, a polyamide resin, and an acrylic
resin.

10. A semiconductor device comprising the wiring board
according to claim 1 and a semiconductor element mounted
in the semiconductor element mounting area of the wiring
board.

11. A semiconductor device comprising a first wiring board
and a second wiring board each of which 1s made of the wiring
board according to claim 1, the first wiring board having
stacking connection terminals provided 1n an area around an
outer periphery of the semiconductor element mounting area
on a first surface of the wiring board and connected to the
second wiring board, the stacking connection terminals being
exposed from the first resin film, the second wiring board
having the external connection terminals provided at posi-
tions corresponding to the stacking connection terminals on
the first wiring board, the first and second wiring boards
having a semiconductor element mounted 1n the respective
semiconductor element mounting areas, the stacking connec-
tion terminals on the first wiring board being connected to the
external connection terminals on the second wiring board via
stacking projection electrodes.

12. The semiconductor device according to claim 11,
wherein the external connection terminals on the first wiring
board are arranged 1n an array on the second surface of the
resin base matenal.
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